Solvothermal reaction of H 4 L (L = biphenyl-3,3',5,5'-tetracarboxylate) 
purified further using calcium aluminosilicate and activated carbon adsorbents to remove trace amounts of water and other impurities before introduction into the IGA system, Research grade CH 4 , CO 2 and N 2 were purchased from BOC and used as received. Powder samples were loaded into the IGA and degassed at 100 °C and 10 -10 bar for 1 day to give desolvated samples. In a typical procedure, ~50 mg of dry sample was used for the measurements.
X-ray crystallography
X-ray diffraction data on single crystals of NOTT-220-solv were collected at 100(2) K on a Bruker APEXII CCD area detector using graphite monochromated Mo-Kα radiation from a rotating anode source at the UK National Crystallography Service and at 120(2) K on a Rigaku Saturn 724+ detector using silicon doublecrystal monochromated synchrotron radiation of wavelength 0.6889 Å on Beamline I19 at Diamond Light Source. Structures were solved by direct methods and developed by difference Fourier techniques using the SHELXTL 13 software package. The hydrogen atoms on the ligands were placed geometrically and refined using a riding model. The hydrogen atoms of coordinated water molecules could not be located but are included in the molecular formula and in values derived from it. The unit cell volume includes a large region of disordered solvent, which could not be modelled as discrete atomic sites. We employed PLATON/SQUEEZE 14 to calculate the contribution to the diffraction from the solvent region and thereby produced a set of solvent-free diffraction intensities. The final formula was calculated from elemental analysis data combined with TGA analysis: the contents of the solvent region are therefore included in the unit cell contents but not in the refinement model. 
Crystal data for

Modelling and simulations
Grand Canonical Monte Carlo (GCMC) simulations were performed using the MUSIC simulation suite 15 to calculate the adsorption of CH 4 and CO 2 molecules in NOTT-220a. The GCMC simulations involved 1.25·10 7 steps equilibration period followed by 1.25·10 7 steps production run for the methane uptake simulation, and 2·10 7 steps equilibration period followed by 2·10 7 steps production run for the CO 2 uptake simulation. The CH 4 molecule was described using a set of united-atom Lennard-Jones interaction parameters, σ O =3.73 Å, ε O /k B = 148.0 K, obtained from fitting to critical temperatures and saturated liquid densities. 16 The CO 2 molecule was described using a force field which quantitatively reproduces the vapourliquid equilibrium (VLE) of the neat system and the binary mixtures. All three atoms of the CO 2 molecule were described as a set of united-atom Lennard-Jones interaction sites and described with the following parameters: σ O =3.05 Å, ε O /k B = 79 K for oxygen atoms, and σ C = 2.80 Å, ε C /k B = 27 K for the carbon atom. A point charge of +0.7 was placed at the centre of mass of carbon atom and a point charge of −0.35 was placed at each oxygen atom, the C−O bond length taken to be 1.16 Å. All atoms in the MOF structure were described by an OPLS force field 17 with the exception of Bi atom, which was described by universal force field parameters 18 and oxygen atoms, for which the force-field parameters were taken from a literature value. 19 The simulation supercell contained six (2x1x3) unit cells with periodic boundary conditions. The fugacity has been calculated from the Peng-Robinson equation of state 20 and the MOF and the guest gas molecules were considered to be rigid. A Lennard-Jones potential has been used to describe the Van der Waals interactions with a cut-off distance of 14.0 Å.
Density Functional Theory (DFT) calculations were performed to derive the partial atomic charges subsequently used in the GCMC calculations and to calculate the binding energy of CH 4 and CO 2 to the binuclear Bi node. The DFT calculations were performed with the Q-Chem quantum chemistry package 21 using the B3LYP level of theory and the 6-31G* basis set, partial atomic charges were obtained using the ChelpG technique. 22 To determine the binding energy geometry optimisations were performed at the B3LYP/6-31G** level of theory, and the binding energies were subsequently calculated at the higher B3LYP /6-311++G** level as follows BE = E(complex) -E(linker) -E opt (CH 4 ). Figure S3 ).
Results and Discussion
Due to the overall extended structure, the unit cell, the space group and symmetry of the two phases of the material are identical and differ only by the position of one co-ordinated water molecule. The simulated PXRD patterns for the two phases are almost identical, and the experimental PXRD patterns are good matches with the simulated pattern, confirming the high purity of the bulk material ( Figure S5 ). Upon removal of the two co-ordinated water molecules on the {Bi 2 } node together with the solvent residing within the pores, the two desolvated phases are structurally identical.
The structure of NOTT-220-solv is highly porous, incorporating three distinct interconnected pore Gravimetric H 2 adsorption isotherms at 77 K show good reversibility and an absence of hysteresis, and give a total storage capacity of 1.5 wt% at 1.0 bar and 2.8 wt% at 20 bar at 77 K ( Figure 3b ). This uptake is relatively low compared to high performance H 2 storage materials, [6] [7] [8] but is consistent with the BET area and pore volume. The heat of adsorption is estimated to be 7.2 kJ mol -1 at zero surface coverage ( Figure S8 ), and is within the range (4-8 kJ mol -1 ) typically observed for MOF materials. (Table S2) (Table S3) .
Significantly, these high uptakes of NOTT-220a are also confirmed by Grand Canonical Monte Carlo (GCMC) simulations which show excellent agreement with the experimental isotherm data, especially for CH 4 ( Figure 3d ). The discrepancy observed between simulated and experimental isotherms for CO 2 uptake is due to the lack of the accuracy in describing the quadrupole moment of CO 2 molecule, which thus represents a challenge in these simulations. In addition, the preferred positions for adsorbed CH 4 and CO 2 within the framework host were predicted by DFT calculation to be above three oxygen atoms and one bismuth atom at the {Bi 2 } nodes ( Figure S15 ). The dominating interaction to stabilise CH 4 molecules is weak hydrogen bond between H atoms on CH 4 molecules and oxygen centre from carboxylate group ( Figure   S15a ,b). In contrast, adsorbed CO 2 molecules form dipole interactions between the electropositive carbon centre and the oxygen centre from the carboxylate group ( Figure S15c,d ). 
Notes and References
Crystallographic data have been deposited with the Cambridge Crystallographic Data Centre as supplementary publication CCDC 899427 and 899428 for the alpha and beta phases respectively. ESI is available at XXX containing views of crystal structures, details of gas adsorption data and analyses, TGA, PXRD data and GCMC calculations. were carried out on a CE-440 elemental analyzer. Thermal gravimetric analyses (TGA) were performed under nitrogen flow (100 ml/min) with a heating rate of 5 °C/min using a Perkin Elmer Pyris 1 thermogravimetric analyser. Fourier transform infrared spectroscopy (FTIR) spectra were recorded using a Nicolet Avatar 360 FT-IR spectrophotometer in the 4000~400 cm -1 range. Powder X-ray diffraction (PXRD) data were collected over the 2θ range 2-40 o on a PANalytical X'pert diffractometer using Cu-K α1 radiation (λ = 1.5406 Å) at 40 kV and 40mA. PXRD data were collected using flat plate mode, and preferred orientation effects are responsible for the strong intensity observed for specific reflections. Grinding samples however leads to serious solvent loss and partial decomposition of the framework in air.
Synthesis of biphenyl-3,3',5,5'-tetracarboxylic acid (H 4 L)
H 4 L was prepared according to a procedure previously reported by our group. 1 3,3',5,5'-tetramethyl biphenyl (15 g, 0.069 mol) and NaOH (6.0 g, 0.15 mol) were dissolved in a mixture of tert-butanol and water (1:1 v/v 500 mL) and heated to 50 °C. Potassium permanganate (129 g, 0.81 mmol) was added in portions over a period of a week, when the reaction mixture was purple for more than 1 day, the reaction mixture was filtered until clear, cooled in an ice bath and acidified with conc. hydrochloric acid (37 %, 50 mL). The 
Analysis of isosteric adsorption enthalpy.
The isosteric heat of adsorption Q st was determined by the virial equation (1) (1) where p is the pressure expressed in mbar, n is the amount adsorbed in mmol/g, T is the temperature in K, a i and b j are virial coefficients, and m, n represent the number of coefficients. The values of the virial coefficients a0 through am were then used to calculate the isosteric heat of adsorption using equation (2) . Q st is the coverage-dependent isosteric heat of adsorption and R is the universal gas constant. Figure S11 . Linear fitting of CO 2 , CH 4 and N 2 isotherms at 293K. In addition to the excellent volumetric gas uptakes at high pressure, NOTT-220a also exhibits selective CO 2 uptakes at ambient pressure and temperatures. Comparison of the isotherm plots for CO 2 , CH 4 , and N 2 uptakes up to 1.0 bar yields CO 2 /N 2 selectivity ratios of 31, and CO 2 /CH 4 selectivity ratios of 8.0 at 273 K (Table S1 ). These selectivity data are higher than those observed in large-pore materials such as NOTT-202, 5 (CO 2 /CH 4 : 2.9; CO 2 /N 2 : 27 at 273 K) but are lower than those of the best-behaving materials (e.g., NOTT-300 CO 2 /CH 4 : 100; CO 2 /N 2 : 180 at 273 K). 
Binding energy calculations
Calculations of binding energy between CH 4 and CO 2 with the node of the NOTT-220a have been performed in two-stages: the geometry optimization was done at the B3LYP/6-31G** level of theory, and the binding energies were subsequently calculated at the higher B3LYP /6-311++G** level as follows BE = E(complex) -E(linker) -E opt (CH 4 ). Both stages were performed with taking into account the dispersion correction proposed by Grimme. 3 The BEs have been corrected for basis set superposition error (BSSE). All DFT calculations were performed with Q-Chem quantum chemistry package. 
